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wherein s = 1 or 0 ; 
wherein n ■ 1 or 0 ; 
wherein q = 1 or 0 ; 



0 0 

II II 



wherein Y Is S S-. -CNH-. -HH-C-. -CO-. -0-C. -0-. or -NH-; 

0 0 0 0 

|| II II II 

wherein Y' Is -S-S-. -C-NH- ■ -WC. -CO., -0-C. -0-. or -NH-; 

.herein p or . may he the same or ^J^^^V^^ 
when n = 0. the sum of m and p is ar i integer ranging to m ' » • , , m 2 to 20 ; 

having from 1-6 carbon atoms ; and branched chain lower alkyl having from 1-6 

■ c S? a - »i h» nmant invention is useful as a tnvaient coupling agent tor UnUng FW*a 
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TRIS-MALEIMIDO COMPOUNDS AS INTERMEDIATES IN TRIFUNCTIONAL ANTIBODY 

SYNTHESIS 

The present invention is directed to a trivalent coupling agent. More particularly, the present invention is 
direS ^ tr s-maleimido compound having three linker arms of variable length ^argejab.^ and 
SS^hoHe*. Such compounds are useful as intermediates in the synthes-s of biftmctiona 
(i ^specific) antibody-like compounds which are useful in medical diagnoses, therapeutics and diagnos- 

^T^^T^prote* molecules generated by an organism's immune system in response te , an 
antigen peeved by the'hosf as being foreign. The extreme p.asticity and diversity of an ™™ V "«™~™£ 
eS pem,its the generation of an enormous variety of antibody molecules o an equally arge number of an*, 
ge^s Hoover, individual antibodies are monospecific and therefore merely monofuncbonal for purposes of 



thfe TUSSL et al teaches the formation of a bifunctional antibody complex formed by cross linking two 
„JS£SS££^^^^ but of the same isotype. Landsdorp, ^ - Oydte Ig3^ 
^rcSXL Of M onor..nn a . Antibodies: A "™ Type Of Cross-linking Agent Eur J. Immun^ 1g. p. 67»83 
1 98^Landsdorp-s cross-llnklng agent con sisted of two anti-isotype antibody molecules, which cross-l hiked 

ZSSZ^JZ^ which are capabie of binding comp.ement and/or stimuli 

the fusion 3 £ dC £i££oJ lines which produce monoclone. antibodies of 

Tcls ZeoZ Readies chimeras are whole antibodies that have intact Fc regions. < Conseque^y when 
SeS'd into • foreign" species. Reading's chimeras, like Langsdorp's bifunctionals. have to pMWto 
Evote afteraction with Components of the immune system that bear Fc receptors (e.g.. macrophages, conv 

boT^SSd^^ 

pound was reported useful in sandwich enzyme Immunoassays. Glenn.e et al ^S^JSucnf if 
0987). also describes the linking of two Fab' fragments utilizing the compound taught in Hamaguchl. Le.. o- 

t * m ^SSSST^ characterization as bifunctional. when used as pharmaceutical agente the bifunc- 

anti£dy5 k Tmolecules. The intermediate compound of the present invention functions as a tnvalen^ genttha 
fe Cable of coupling two or three FabMike fragments. Sp cifically. the intermediate compound of the present 
invention is a trivalent coupling agent of the formula: 
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X-(CK 1 ) - (Y) n (CH l ),(Y*),CCHR'),-N 




J 3 



wherein X is 



16 



20 



-N- . -CH . -C.R 1 . 



25 




. or 



(Z) 



<Z). 



30 



wherein k-1 orO; 
wherein Z is 



35 



O 

II • 
-cm- 



o 
II 

-c-o- . 



o 

I 

•0-C- , 



-NH-C- . -0-, or -NH-; 



wherein s - 1 or 0 
40 wherein n - 1 or 0; 
wherein q - 1 or 0; 



45 



0 0 0 0 

wharein Y U -C*NH- . -NH»C- , JU. -O-C. -0-. or -«-S 
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atoms with the proviso that the lower alkyl moiety may be mono-substituted by ' -NH* -O H, o '-COOH- 

The present invention is directed to a compound of Formula I as previously d scribed This ^nTpound has 
uta Jas an fntemediate i.e., a trivalent coupling agent, for use in the fomnation of Afunctional and tn^onal 
a^yirSp^unds. By 'bifunctional antibody-like compounds" as used herein is meant compounds hav- 
r n qHFabX fragments Latently bonded thereto, preferably having different specrfiabes and wherein the 
Fab^e Sgrnlnte substantially retain the antigen-binding activity of me whole anbbod.es fmmwhU^ 

Rj«Wfunctional antibody-like compounds" as used herein is meant compounds having threeFab -l.ke 
derived. By ^"^^JSJeto. preferably having different specificities, wherein the FabMIke fragments 

TSSSS!^ antlLy-like compounds are preferably used as In yivo pharmaceutical agents.havng 

'H I beoomi less critical since steric hindrance at the terminus of the linker arms, due to coupling 

10 "^^^SXiZ^ present Invention mey be straight or branched chain 

v^SHZ ?L3sefrom about 1-20 carbon atoms. In terms of Formula I, the arms are straightchain al phatlc 

in part by the presence of a solubility enhancing amide on each linker arm is ref- 

Expreseed. n terms o '^^''^^^,2,^0.. Altorn«th«ly. th* prince of ••olubillly.nhano. 
lected when ,n Formula I, n - 1 and Y - -CONH or N* lu y presence of two 

SStegTinto each iinke'r arm is to utilize a disulfide containing alpha and omega temrnated diamine of me for- 
mUl3: HjN- (CHJurS-S-fCHjVNHz 

increasingly react with free amino groups, such as the e-amino group of lys.ne. At pH >8. the selectivity tot 
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moie^d any one of the free amino groups at pHs greater than 8 occurs with decreased 
not result in a single reproducible product In contrast free sulfhydryl groups on Fab -l,ke fragments occur at 
S sT^rl locations and in the hinge region, unless chemically modtfed ^^..^eTanS he sut 

- nreferabiv 5-7 the reaction between the maleimide moiety ana ine sui 

^elmfdrmoiew at the hinge region or other specifically added location. Regiospecific binding at or near the 

ner but I also permits binding to occur away from the antigen binding portion of the Fab -l.ke fragment. wh.ch 
minimtees adverse effects upon the specificity and/or affinity of the antibody. 

^^SSSSPooLninB free sulfhydry. groups are produced by the «^ <^"^*£ 
antibody ate mL region. Typically, enzymatic cleavage of an antibody at the h.nge region * effected either 
pepsin c Pa^ bJ definSon in the art. pepsin cleavage of a whole antibody, such as "one 

SmS to anFabteflment in that both fragments contain the intact antigen binding regions of ttie antibody pre- 
ZSZ however *JSb' fragment differs from the Fab fragment in that the Fab' fragment Is s ightiy larger hav- 
SSSS the Fab' fragment differs further from the Fab fragment by aiso havmg one or 

M ££E the antibody, the number of disulfide bridges between 

the £E*m£ iSSSSrion may vary. As a result, the number of.freesulfhydryK-SH). groups on 
£ ^ aS? a ?taementernav also , vary from species to species. For example, the pepsin cleavage and sub- 
£uet^ 

L« SH orouos In contrast, the pepsin cleavage and subsequent reduction of human IgG, antibody produces 
^Fab'Smen^nch 

taG, results* two Fab fragments, each having only a single free -SH group. See "^^^^^J" 
et a\ ySt col. 4 describing this latter cleavage. Human IgG, is of interest because it is the predominant subclass 
of monoclonal antibodies used in the constant region of chimeric antibodies. „,i 
tiSSent coupling agent of the present invention couples to Fab' fragments having 1. 2. or 3 free sul- 
fhJvif ^t omuVs However Fab fragments having 2 free sulfhydryl groups are especially preferred 
^ 7Jt^ * * ^ prasenunvention. we coiiecLiy define the term -FabMIke ^^^Si 
not onTy Sole Fab and Fab fragments that have from 1-3 free sulfhydryl groups on their heavy dnMte 
bTnatoral occurrence, chemical modification or genetic engineering, but also as including 
have^toen o^etically engineered to possess from 1-3 sulfhydryl groups on either their heavy or light chain or 

rntTan Fab fragment, contains the variable (V) region of the antibody ^^^^Z 
for the antigen of interest In order for a genetically engineered Fv. Fab. or Fab fragment to be useful in i me 
preset Invention, the sulfhydryl group(s). which are engineered 
not to substantially interfere with antigen binding capacity of the Fv. Fab. or Fab fragment respectively, rne 
aetelinatitn of L number of the free sulfhydry. groups in Fab' fragments is well known in the art UA pat 
4.659.839 (Nicolotti. et at), which issued on April 21. 1987. describes such a method using H-(N ethyl 

have ^ C au^ydryl (-SH) groups As already disclosed above, such Fab-like fragments are obtained by 

humans over Fab'-like fragments from non-human sources because the human constant region ^stantially 
« Sees Z ikellhood of Invoking an immune .esponse. This Is of paramount importance i when the Fab * 
I^,m!«tte intended to be Darenterally administered to humans as a pharmaceutical agent 

9 ™et£a^^^ or three Fab'-like fragments, 

to pr^u^n a^^ use in diagn sties, therapeutics and/or diagnostic/therapeutic com- 
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oosi, of disease stst a or biological sratua (a.g.. preonanoy. I • ' lymssotmslrestmsot 

S%,«.p~.ice- ^^ f ^ te ^^S^^ y "rZ » man—to. 

of the present invention. nr*»«5Pnt invention is to couple two or three Fab'-like 

fragments having different specificities to proauce am ™ nkefraaments can be used as an in vivo 

The bifunctiona. antibody-like <»7°"f for the organ. 1S5 
diagnostic or therapeutic agent In this uWity. ™~ aS,e!T depending upon utility, has specificity 
or oncologic antigen of interest, whereas, he second ^^^^^^^^j^^J^^ingiiji^^^nzyl-EDTA) 

ra^rte^ 

present invention, have severe, utiiues ^"J^JffJT ^ Tc^bination diagnostic/therapeutic 
as a combination diagnostic/therapeutic agent A P^jred uhUty 's as a com J oncologlc antigen 

agent In this latter utility, the first Fab^ike £9™^ Paging or doslmet- 

of interest and binds thereto. The second Fab -like fragment has ^PMOV" ■ 9 or 
no/isotope complex (e.g.. a ^ ""ff or tissue. The 

tissue of interest and/or the diagnosis of a condition (e.g., < ~ 8 be administe red to the patient 

third Fab'-like fragment has specificity for a therapeutic agent the car ^ J™ „ cancer via 
Should me expected condition present itself to a J^^^SeS of the present 

tional antibody-like compound have 

ficitiesforthe different antigens ^^tZTaZS'^ or indirect*. Specificity 
An FabMike fragment can have specificity for a i agen either a* y SpecfflcMy 

for a therapeutic agent is "direct" when ^J^^^^^^S^O^ or hapten to which 
for a therapeutic agent is "indirect" when the Fab fragment^ ^^S^for a selectantlgenorhapten. on 
toe therapeutic agent is coupled. When an F ^^^^^Sri^ or hapten, thereby permitting 
can vary the number and type of "^^S^S^tSTS^ condition panted, the s v- 
the treating physician to vary the treatment < ependmg ~T«I the presented condition's res- 
erity of the condition, the patient s agents bound to me same 

ponse to certain pharmaceuticals. One could I even ^™ fe or ^ Q f interest 

select antigen or hapten to provide a ^^^^JSSZ mlSS***^*** chelate corn- 
Examples of therapeutic agents capable of d irectty "J^^ta ^toSud des that are jT emitter. Suitable 
plexes that are formed between chelating agente '^^^SSnZi in diagnosis) are pdyacUic 
chelating agents for the radionuclides (and/or ^^SSZ oxygen or sulfur. By way of exampl . 
, organic molecules that further contain °** n " ^"'^^^ 

suitable chelating agents include ethyl DTPA ("MeTUBD"); 

TA ("EOTUBE"); and the Ilk 

1,4.7.10-tetrazacydododecane-N'.N ,N ,N ^JShS USoa 1 4647 447 (Gries etal.) which is incorporated 



pounds of the formula: 
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Subsfr^CytotoxJcAgentwher^^^ 
ment and is the substrate for an enzyme or an ^^^tZZtol substrate, 

wtth the bound Substrate-Cytotoxic ^mZ In the treatment of neop- 

The term -Cytotoxic Agent" as ^ herein aTkySg Agents, antiproliferative agents, 
.asms, whether benign or malignant ^^^^^^5^^ such compounds are the nitro- 
tubulin-binding agents, cytotoxms m J^^^JS^m mitomycins, the bleomycins, the cytotoxic 
gen mustard agents, the vinca alkalcds. the dau ^°" 32^ 8 the sulfonylureas (as described In Euro- 
nucleosides. the pteridine ow mo ecL-weight toxins such as the 

pean Patent Publication No. 222.475 published May 20 1987] ^'° w ™ d asses include, for example. 
Wchothecenes and the colchicines. Partly ^^^^"^^meThotrexate. mitomycin C. por- 
doxorubicin, daunorubtein. ammoptenn, methotrexate. «cn ' e toposide. melphalan. 

firomycin, 5-fluorouracil. 6-mercaptopunne. ^°* n «f^ 

vinblastine, vincristine, leurosidine. vndes.ne. ^^l^^^^^^cou^tofab'^ 
As already pointed out. the talent coupling agent of *e present mvenhon ^ 

fragments having one. two. or three. Afunctional antibody-like com- 

oftrivalent coupling agents of the present ^nvenhon that on tne w ^ents. For 

pound will vary from 1-2 dependmg upon ^^Xee SU ^Z Zvle only one trivalent coupling agent 
example, three Fab' fragments, each havmg ^.ngle free ^-SH grou Mjqu J |n cqM 

of the present invention to accomp Ush couphng to Produce a * sulmydry , s . would usually 

three FabMike fragments (desrgna ^J^^^^^S^ a fractional antibody-Hke com- 
require two trivalent couphng agents of the present ;^";' on ~ 9 d , mxips require two trivalent 
pound. Likewise, three Fab'-like fragments each ^ingthree^ ^VabMKagments with different numbers of 

volume(<10o/. of the reacfon volume) ^ an ^ 

vatized.lnSchemel. amolarexcess. preferably at ' ea f r 1 °^°'^ 0r ^™ Wy * H 5.7, with a first Fab'-like frag- 
at least 30fo.d. of X. is combined in an aq^ 

ment. F,ab\ In the ensuing reactoon. two «^^*™"t^™ t Fiab ', to produce a coupled product 
react with the twofree sulfhydryl ^^^J^^^^^ the two sulfhydryl groups (-SH) 
XII having only a single reactive maleun.de mo«ty ™£™ ^ coupling agent permits the second 

on the Fab'-like fragment and the relative posit.on of the linker arms ° n me °°"P 9 * ^ ( . SH) group on ce 
maleimide moiety of the coupling agent to '^"^^^ from excess X. 

the first coupling has taken place. The coupte I product !»MJP« w .th a second Fab'-like fragment, 
whereupon XII is reacted in an a « ue °"* >^ is a bitunctiona. Fab'-like moiety 

designated F 2 ab' and having a second specificity. The resultant P rocu ^ 
having a single free sulfhydryl group (-SH) for coupling ^^SS^^^i* * irt specmdty ' 
invention. In a separate reaction shown .n Scheme I. * *'rd Fab Jjjjjjy ^ witn a mola r excess of the 
te reacted as described above in aqueous solubon at pH 5-8 ^^^^ ntAVMn ». For example, 
trivalent coupling agent of the present invent™, W "^TJS within each of the arms. Alter- 

unlike XI. XV may have labile linker arms tha * on £^ or a variety of other factors 

natively, the linker arms of XV may vary from the Imker arms of Xhr £"«£££dte jr^ 
to aocommodate the Fab'-like fragment being "J^^'J^^) of organic solvent to 

agent. XV. may be dissolved In a smal ^^^^^^^ ng of F ab' to XV produces a 
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maieimide. lnuonHnn „,„ have a variety of arm lengths that depend upon 

The trivalent coupling agent of the present invent «n cm i ha e a v requirements of 

both the steric requirements of the F * b ^*^ S ^ 

thetrifunctional antibody-like compound ult mately J ei ^" ^ndVthan in the synthesis of bifunctional antibody- 
preferred in the synthesis of trifunctiona. anhbody^ 

d jr:r p d^ 

SZinated diamines" as used herein is meant diamines of tt» formula. 

. 0^ .^20 B v "aloha and omega terminated dithiols" 
wherein the subscript V is an integer ranging from 2 to about 20. By alpha 
as used herein is meant dithiols of the formula: CHA>SH 

wherein the subscript T ^ '^^SbTi to increase the length of a linker arm of the 
The alpha and omega term.nated dithiols "J£^«*3y been coupled to its first Fab'-like fragment, 
trivalent coupling agent of the present Fab' fragment and it is determined 

This is particularly important where *e «r«Je.mWe « bound ^njt ^ 9 hindered Tnjs uti|ity and 
that a subsequent reaction of the maleim.de ™* * ^^J^ Seme H an excess amount of the trivalent 
L method of combining is reflected In Scheme «J£«-JfJ J "—J £ J£ with a Fab Mike fragment 
, coupiing agent of the present invention S.Sng as?ng.e maieimide moiety availabie 

XXI. having two free sulfhydryl groups, ^^^^^fji arm on XXIi. an excess amount of 
for further coupling. To <«~«"~ ^£Z2?m*« with the maieimide moiety of XXI. 
an alpha and omega terminated drthiol XXIII, as oe .neo in • ^ ^ with an excess 

to form the omega terminated thiol XXIV. Reacbon a . pH 5-8 I NhM^ produces a coupling agent complex 
of a bis-maleimide type compound XXV such «^ The complex of XXV. is 

XXV, having an extended , .inker ^•^^^SSS serves to minimize or eflminate any 
analogous to the complex XXII. However, the rormer s a F ab-like fragment, 

stearic hlnderance associated with the "^^Sit^iwSHL has short linking arms se.ec- 
As a practical matter, a trivalent coupling agent of the presen '"venxmn u, subseque nt coupiing 

five.ycoup.es to a single so as to reduce 

of the compound of Foimula I, which method comprises: 
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SH 
SH 



XXI 



pH 5-e 




XXII 



pH 5-9 



m HS-(CH 2 ) C -SH 
XXIII 




xxrv 



pS 5-8 



w 



XXV 

o 




XXVI 
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combination f rming a coupled product betw en the mal imid -Fab' complex and the compound of For- 
SflT^oLSi^hJSo-" - "dedlink rarnnwithan-SHmoietyextendingdstanymerefrom: 
Ilreby saw sing.e reactive maleimide moiety becomes coupled to one of the -SH mo.et.es * on the con, 
of Fonnufc ... footing a maleimide-Fab comp.ex with a single extended '^"^"J^ 
Sings in Steps (a) and (b) above may be performed at pH 5-8. they are preferab.y perfonned at P H 

Tstep (b) the amount of the compound of Formula II that Is effective to prevent intermolecular crossMnking 
beteen mo.ecu.es of the maleimide-Fab' comp.ex is dependent upon a number of factors. induding the 
sto of me«.mpound of Formula I. and the size of the integer T In Formula II. Typically, increasing molar 
Sues of m r2mpound of Formula II relative to the maleimide-Fab' complex result in decreasing inter- 
molecircrc^Zking of the complex by the compound of Formula II. One skilled in the art can determine 
it^Z^^^d^Tcompcu^ of Formula II relative to the maleimide-Fab' complex to preven 
^TZgTtt maTeiminb'complex. Preferably, howwever, a 10 fold or greater molar excess of 
the compound of Formula H is employed in Step <b) to prevent crossl.nk.ng. 
The present invention also encompasses the above method further compns.ng the step of 
S cSmbinmg the coupled product of Step (b) at pH 5-8. preferably 5-7. with an amount of a b^ale,m.de 
llTfive 2 ^Preventintlmolecular crosslinkingbetweenmolecu.es of said^ 
feimide-Fab' complex that has an extended linker arm with a reactive male.rn.de at its ^erm.nus .s formed 
Bv^bls-maleimide- as used in Step (c) above is meant a compound having a male.rn.de mo.ety at each of 
Iwo ^.TSb^elmides indude N.N<-o- P henylenedimaleimide ^ 

rTNMavdimemylene)dimaleimide. which compounds are well known in the art. f^^^S^SS^ 
,J %lZr~ L Rtaohvsica Acta 612- 40-49 (1980). Preferred bis-maleimides include N,N'-bis(male.m.dop- 
ro rio^ and bMmaleimido)-methy1 ether ("BMME"). BMP is com- 

SSSISta^ Chemical Co.. St. Louis. MO., and BMME is commercial ava^able from 

B °rSTcMh^ is effective to prevent intermo.ecu.ar <~M*^ 

rndecuh^s o the "coupled product" fe dependent upon a variety of factors. Generally, .ncreasmg ™lar ratios 
hte^leimide^elative to the coupled product of Step (b) result in decreasing intermolecular crossl.nking 
o me co^d determine the minima, amount of bis-maieimide """W* 

t^SSSun. one skilled in the art can run a series of reactions with increasmg mder ratios of b^ma- 
Ee to coupled product until significant crosslinking is no longer observed. Preferably to avoid 

^ZLTno^e^ 

^^S^SS^S^. FabMike fragmente having at least two free su.fhydry.s are denved from 
mouse laG, laG,.. and IgGjb,- human IgG; and primate (e.g., chimp) IgG. 
5 Tni MM TS dl three the linker arms on the bivalent coupling agent of the presen invent.™ are 
IncreTsed when a labile chemical functional group, such as a disulfide (-S-S-) is symmetrically .nbroduced .nto 
lT fl rm Chemical reactions symmetrically introducing a -S-S- moiety into each linker arm are well known to 

be setecLy incorporated into that singie .inker arm. Selective i = «on jr best a^.eved 
«, after an initial coupling between a bivalent coupling agent of the present invent on and an Fab-fcke fragment 
SaJino two free sulfhydryls. As a result of this coupling, there remains a single terminal male.rn.de moiety for 
£Z ScS.CS .disulfide linkage (-S-S-) is then incorporated 
alpha-omega diamine or more preferably an alpha^mega dithiol like compound tha^^ 

merein The alpha-omega dithios having a disulfide therein are performed over the corresponding diamines 
« oTto the ! SnLtton of undesirable side reactions with the free amines on the Fab' like fragments at the 

rea TUof example, disulfide containing dithiols and diamines are compounds of the respective formulas: 
Y * HS^CH^rS-JHCHjJrSHiand 

HjNKCH^-S-S^CH^-NHz 
50 wherein g and j are integers from 2-18 and f and h are integers from 2-18 with the P^viso that the sum of g 
anJ^X I and h is not greater than 20. Selecttve Incorporation f a disulfide containing dithio. into a sing. 
H^nkVramat pH 5-8, preferably pH 5-7. is preferably accomplished via the reaction sequences already provid d 

,n ^hefollowing examples are given by way of .Lustration only end shouid not be consbued as .imiting the 
55 invention in spirit and/or scope. 



12 



EP 0 446 071 A2 



Example 1 

Preparation of N-Methoxy carbonylmaletmido 

O 



10 



15 



25 



and wash**, am «» <00m, o, K* , ^ -aw *-d (J* J^^SSSSl -*« 

<40:6Wv:v) tis.ng a water bath at 60 C. Tha realms aaua ^ 

Example 2 

Tris>(2-N-maleimidoet hyl)amine (TMA") 



30 
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«asK was added 1.8ml - m ^ 6 ^ and the mixture 

reaction mixture was added with stirring 6.2g of finely ' gmura * m , mixture 
was stirred for an additional 10 minutes in tine ,ce ^J^^^^jSn^L adjusted to between 
and it was stirred at room temperature for 30 minutes. Then thepH J^JStai^lr reduced pressure. 
P H 6-7 with concentrated HCI and ^ was ^^^^^^ resultant solution was 

The pH of the resulting solution was adjusted to 1 0 with saturated ■ ^ 

xtra'ctedSxwithaoOm,^ 

The organic phase was dned (30g Na 2 S0 4 ). filtered evapor ated under reduced 
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15 



, tm a frarHnns w re evaoorated by dryness. The TMA r sidu s were dis- 
,any treated and the **" reduced pressure to dryness. The 

solved in 10ml of the eluhon solvent, pooled together ana w» ^ fi| _ 

-bined residue was dissolved .to £0n*of ^^^^ needles. The resultant TMA 
^a,:" rd 0 ;; rj^^iTCSi 2x wTsm, - isopropyi ether, and dned overnight 
undervacuum, M.P. 132 0 -133°C. 

Analysis for C x A.N 4 0. (MW - 386.36). 

Calcd: C, 55.95; H, 4.70; N, 14.50. 

Found: C, 55.54; H, 4.69; N, 14.45. 

l H MMR 5™, a " a , MH*) 5 6.65(6H,s); 

3.49<6H,t); and 2.68(6H,t). 

LR. (KBr): 1700cm-i (C=0). 

U.V. (DMF): peak at 272. molar extinction coefficient = 1920. 
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tris-succinimide. This compound will then react w.th a 10 ^ •"""""J* N . m ethoxycart>onylmaleimide 
Lmaleimide in which the X component of Compound I is a cyclohexyl moiety. 
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m 1 mole of serine in aqueous solution in the presence of NaHC0 3 at 0*C is added 1.1 moles N- 

i~ winiwm« with a 10% molar excess of N-hydroxysucctmmtde in the presence of aicycionexyicarowuu.... 
1 a C f^SlI^SSSSSr 3 hrs at room temperature to yield the succmimide esters of the pre- 

add starting material is maintained about its esymmetric center (•). Hence, by selecbon of L-senne orD senne, 
L or D stereochemistry respectively is maintained about each asymmetnc center. 

Example S 




15 



i «f » he BOC orouD is accomplished by hydrolysis for 1 hr with 
stm bears the BOC protecting p , 9 4. stereochemistry about the asymmetric center 

*m HCI In ethvl acetate at room temperature, as in exam^ , 

n £2 H3- — *• fe ' • a,ned ln " f,na ' 

5 Example 6 



OOQR 
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COOH 



Toanaiphaaminoac^^^^ 
isprotextedEyaphenoxycarbony.tP^ 

in the presence of NaBH 3 CN. The PoC ? ^^J^^a groups of the tricondensation product are 
by hydration over PdyC.^^^ is dissolved in 

now suited for reaction jf^^^ 

aqueous bicarbonate at about 0*. To proce y ed at room temperature for 30 min. Th 
teined atO-Cfor 10 min. Thereafter ^^*1fi$^ 2 herein). As for Examples 5 and 6 any 

35 Example 7 




80 



To1 ,3,,benzene*^ 
^hvdroxysucdn^^^^ 

fori hourfollowedbyanlncubationfo 3hr.a^ ^ 
.naseparatereaction.ethylenediam.n J'.^^^pa^ according t the procedure in Example 
.aramountorieasof ^^^^^^^nrea^ with the trte-auccinimidyl ester from 

sp nding to the chemical formula shown above. 

16 
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Example 8 

Tris[2-N-(maieoylglycyl)amin ethylja min (TMG") 
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Glycine (1.5g. 20 mmo.) in saturated NaHCO, <100ml) was vigorous.y stirred at 0-C wltt .finely V™* * 

washed wl water, dried over anhydrous Na 2 S0 4 and evaporated to dryness. The crude product was dtesolved 
«IZf rw n CH COOH/95 5 and passed through a silica gel flash column (60g) eluted with the same so^ 



glycine. 

iH NMR (D 2 Q): 84.30{2H. s). and 6.95(2H. s) 



gradient from 20% CH 3 OH/80% 0.1 M ammonium acetate. pH 5 to 50 A CH 3 OH/50% o.i m ammon 
45 1 H NMR (DMF): 62.50(6H); 3.18<6H); and 7.05(6H). 



50 



55 
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Exampl 9 

Trlsp-N-(maleovlglycytg»ycy»aTnlnoet hvllamine rTMGG*) 
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NCH 2 CNCH 2 CNCHjCHj 



l 

H 



I 

H 



•N 



J 3 



so 



To 660mq of gtycylglycine (5 mmol) in 25ml of saturated NaHC0 3 at 0°C was added 775mg of N- 
mJ^^^* (5 mmol) with vigorous stirring. After 10 minutes, the solution was diluted w* 
S of stirred at room temperature for 30 minutes. The pH of the solution was adjusted from 8 o 

B^^a and the solution was evaporated with rotation under reduced pressure ("rotavaped ) to 
anoSmatelv 2^TheWcentrated solution was acidified to P H 2 with 3N HCI and extracted two times w.th 
ttSffSL ^The -mbined ethyl acetate extract was dried over anhydrous Na 2 SO, and evaporated 

*X£Z££*» was dissolved in 18m. of diglyme and treated at O'C with N^P»^ 
(460mg. 4 mmol) and dicydohexylcarbodiimide (824mg, 4 mmol). After stirring ' 

Som temperature, thereaction mixture was filtered and the fil^te was evaporated to dryness to y,eld 3.2 mmol 

tt S2J o S^SZS^^ N-succinimidyl ester in DMF. After stirring at room temperature 
Sm T^S^SS^ and passed through a siHca gel flash column (60g) eluted sequen- 
»^)^SS«c5w0:10t (2) 150ml EtOAc:MeOH/75:25; (3) 150ml EtOAc:meOH/50:50; and 

fraCt ' 0n iH NMR (DMF): 82.55(6H); 3.25(6H); 3.95<6H); 4.35(6H); and 7.10(6H). 
Example 10 

Preparation Of Antibodies 
(a) AnlHn«EDTA ("CHA") 

Th* ^ntihfidv herein desianated as "CHA" is a monoclonal anti-hapten antibody having specificity for the 

^t%£Ztt£~>~-~> - r»«i 

PM... we "'ft. Isotope of malum (III) is used. In too PC~.nl -"^J; ** ^L^Z, ' 

2d£ * r£ See Gerbard, Monoclonal Antibodies, edited by Kenneth *J Ptenurn 
Press New York (1980). The resultlngTybridomas were screened by a solid phase second antibody radiobn- 
munoas^ fe thTa iiity to binding indium aminobenzyi-EDTA (Wang et. journal of mmuno^ 
So d s « 157 (1977)) Based on their high titers and relatively high affinity as determined by ,nh.b,t,on of 
S^S^X* a monoclonal antibody designated as CHA255 waschosen ^furmersh.dy and 

mouse Ascites by ionixchange chromatography on OEAE-cellulose as desenbed by Parharn e_t aj.. ± 

Mh nmtmi Monoclonal antibody CHA 255 is further described by Reardon. D.T J. 
ffjJfeSSS---- s_tai.,u y s.PatN . 4,722.892. isauedFe^ 2. 1988, here. 
S2 by reference. Hereinafter, th CHA 255 antibody is ref rred to as "CHA." 



53 



(bJAnU-Y-DTPApJYA-) 



The antibody designated herein es "CYA" is a monoclonal anti-hapten antibody having sp cificity for the 
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complex fanned between the chelating egent. di thylenetrieminepenteacettc acid ("DTPA"). and ft. yM«m 
faTFortherapeuticpurposesthe^Ylsctop ofyttrium<.H>isused. Fcrenhanc dpharma 
rLthylthioureabenzyl derivative f DTPA, which Is known as methylthioureabenzyldi thyien tnamtaep in- 
teacetic acid ("MeTUBD ) was used. The CYA316 antibody (hereinafter "CYA") was P'epared using *° |!"" a ' 
Scnniques described in Reardon. at a.., ^instMeta. Che.ates.-Nature, 316: 265-267 (1985) and 

in Meares. et at. (U.S. Pat. No. 4.722,892), the latter being Incorporated herein by reference. 



(c) Anti-CEA ("ZCE") 

The antibody designated herein as "ZCE" is a monoclonal antibody I ^^XZ^ZT^uZme 
antigen. The "ZCE" antibody is commercially available from Jean Pierre Mach. University of Lausanne. 
Lausanne, Switzerland. 

(d) Chimeric Anti-CEA ("xCEM") ^ 

The antibody designated herein as "xCEM" is a mouse/human chimeric antibody having specificity for car- 
cinoIXonic antigen The "xCEM" antibody was cloned and expressed according to the procedure taught in 
Biedler et al., J. Immunol., 141: pp. 4053-4060 (1988). 

(a) Chimeric AntWn-EDTA ("xCHA") 

The antibody designated herein as "xCHA" is a mouse human chimeric antibody having specificity for die 
in EDTA chSate comSex The "xCHA" antibody was prepared by essentially the same method used for the 
™^of tclS" Sove (i.e.. J. Immunol.. 141: pp. 405^4060 (1988)) except that in 1* P»£-»™ > of 

the murine antibody CEM-231 . 
Example 1 1 

Preparation Off The Bifunctlonal Antibody-Like Compound xCEM-TMA-xCEM 
(a) Preparation Of xCEM-Fab'SH 

A chimeric monoclonal antibody to carcinoembryonic antigen (CEA) and designated as | ^£TS£ 

fndicated 3 9mg/ml of protein. To 900ul of the dialyzed xCEM digestate was added 2}J of 0 5M WWjO 
LmTnepentaS 

cys^ne^) w« added to the mixture which was incubated for a further 10 

reaction mixTure was applied tc a Bioge. P-6 column (Biorad Laboratories. Richmond. CA 

fhydryl groups per xCEM-Fab'SH. 

(b) Coupling Tria-(2-N-maleimidoethyl)amlne With xCEM-Fab'SH 

To 1.0mg of tris-(2-N-maleimidoethyl)amine (i.e.. "TMA") dissolved in 80^1 of 
added 1ml of the eluate containing xCEM-Fab'SH from above. The reaction mixture was all jwrfto , atendat 
for 10 minutes. Th reafter. to s parate the TMA derivatized Fab' ^nt from >*m TUK 
^Sn mixture was applied to a Biogel P-6 column (Biorad Laboratories. Richmond. CA 94804) and eluted 
rc^buZTsaTn (S arnmSium citrate. 100mM NaC, 1mM 

NaciaM- DTPA. pH 6-3 50mM ammonium citrate to .1 mole Nad and 1mM pH 6.3. 2.3ml fraction of protein 

19 
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^rr^r-1ZU.~ cules per Fab' fragmant. Th — — 
product is designated herein as "xCEM-Fab'-TMA." 

(c) Coupling xCEM-Fab'-TMA With xCEM-Fab'SH To Form xCEM-TMA-xCEM 

tw * ,tc *« m f a , and Art above were combined in model reactions in the following ratios to test the 
vrPM.TMA.xCEM (the "Fab" 1 having been deleted for clarity): 



15 



XCEM-Fab'-TMA 
.49 wq/*l 



XCEM-Fab'SH 
(1.3ng/ml) 



Molar Ratio 



20 



300|Ll 
300|ll 
150|il 



115H1 
57jll 
115U.1 



1:1 
2:1 
1:2 



25 



30 



The yields of the mode, compound. xCEM-TMA-xCEM, varied as a function of the ratio of the reactants: 



CEM-Fab' -TMA/CEM-Fab'SH * Yield Of 

(Molar Ratio) ( CEM-Pab' ) a TMA 



35 



40 



45 



SO 



ss 



2:1 
1:1 
1:2 



46% 
40% 
19% 



Thus the best yields of xCEM-TMA-xCEM were obtained when the Fab'-like fra^ents ^bearing the maieimide 
Seir wereiexcess over the FabMBce fragments containing the free suifhydryi group. 



For 



Example 12 

Proration Of The Bm^na, Ant.body.LIKn Compound, xC HA-TMA-xCEM, Having 
The Imaging Agent. In-EDT A. and CEA 
(a) Preparation Of F(ab'), Fragments From Intact Antibody. 

Unlessotherwisedeec^ 

herein were digested with pe P s,n to ^^^^^X tne ir absorbance at 280nm CA^). 
solutions.havlnganantibc<lyconcentrationof5.15rng/mlasd^ reafter 

weredialyzedinacatatebu^ 
aconcentrated pepsin sdu^n^ 

rrassinpeiwin.ThereacttonmixturewasmenmcuDaiea m d by a variety of techniqu s, 

by addition f NaHCO, -ti' JjJH-^J 1 (Sl^lway. U high pressure liquid 
Including gel filtration on a 8e P na ^J^" ^ 
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huff r Aft r isolation the F(ab') 2 fragm nt was dialyzed in borate buffered saline <50mM s dium borate SOmM 
NaCl! pr! S^dZpi* solutions containing F(ab') 2 fragm nts were used in the subsequent reduction 



(b) Reduction of xCHA-F(ab*) 2 to xCHA-Fab'SH 

To 4ml of the above dialyzed solution containing 5.7mg/ml xCHA-F(ab') 2 was added 1^ of NaHCO, 

fraction was collected. The absorbance of the fraction at 280nm t Ajk, ) ' na ™ a ™ * .. 10u M bv adding 
of the fraction was 55»M. The sulfhydryl content of the protein fraction was determined to be 1 10uM by adding 
! iSwJS .f 2 nitrobenroic acid) ("DTNB") and borate buffered saline (50mM sodium borate, SOmM NaCI. pH 

cuot containing DTNB and a blank. The mo.e ratio of sulfhydryl groups to Fab .fragment for xCHA Fab SH was 
oalculated to be 2.0:1. The resulting reduced fragment was designated xCHA-Fab SH. 

(c) Preparation Of a F(ab') 2 Fragment From Anti-CEA 

A mouse/human chimeric antibody, having specificity for CEA and designated « ^MT*as -Jjj- £ 
expressed according to the procedure taught in Beidler et al., J. Immunol., 141. pp. 4 *«£?<^ 1 ™ 
»xS- anHbody was digested with pepsin for 3 hours according to the ******* Examp ' e 1 m 

herSn to produce the corresponding F(ab') 2 fragment, designated herein as xCEM-F(ab )* 

(d) Reduction of xCEM-F(ab') a to xCEM-Fab'SH 

To 6 5ml of the final dialyzed solution from step (c) above, which contained 8.46mg/ml of "pfJ^J^. 

The resulting reduced fragment was designated xCEM-Fab SH. 

(e) TMA derivatlzation of xCEM-Fab'SH 

4 a <w vrPM Pab-SH was coupled to tris(2-N-maleimidoethyl)amine (TMA") according 

Fah'SH was comolete A white precipitate remained on the bottom and sides of the test tube. The reao »°" *™ 

"™:™ZZ>^Z^e maleimlde concenfration of the ^^JTj^^ 
Specify, to 200* of the 23m, fraction containing ^^^^^t ™E£££Z- 
mixture was allowed to stand at room temperature for 5 minutes Jhereafter. 1 CM f Sfi >*™f£+ 
zoic acid) ("DTNB") and 770pl of borate buffered saline (50mM sodium borate. 50mM NaCI, pM o^) wer au 
T^e reason milre was spectroph torn trical.y analyzed at412nm and the maieimWe ^""^^^ 
Sm. fraSon was determined to be 34pM. The mole ratio of available ma.eim.de per xCEM-TMA molecule was 
calculated to be 0.72. 

21 



(f) Conjugatl n of xCHA-Fab'SH with xCEM-Fab'-TMA 



11.6ml (545 nmo.) of the 47uM xCEM-Fab-TMA so lution from S^m was allowed to stand at 

, /maleimide in this reaction addition of 20* of a 1M solution 

ro om t mperature for 4 ours at ^^^f^^ xCHA-tLa-xCEM. was purified from the reac 
of th alkylating agent, N*thylmale t m.de ( I re liquid chromatography) and using 
tion mixture by a variety of techmques wh*h ^"^^XwOPEaS^ 650s (Tosoh Corp.. Japan) 

" S^a^^t*-*- invoiving HPLC. and gel filtration. 
Example 13 < 



And In-EDTA 

(a) Preparation Of The F (ab'). Fragment Of Anti In-EDTA 
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In Examine 12(a) to produce «s ootrespondlng F(ab1 2 fragment, CHA-F(ao h- 
(b) Reduction ofCHA.F(ab1,toCHA-Fab'8H 

A 5n« aliouo. of a final dlalyzad soMon frou, etep (a) «*tt «MM JJJJJ ' ^<J^ 

in Exempt. 12(b). Upon etubon of the M ^2.5 ?FW fragment was 86pM. Tne 

Baaed upon th. abeorbanc. of the frecuon "^^SSSTieSuM ^ing si-dtmiobM**"*'*'* 



19:1 

(c) BMP Derivatization of CHA-Fab'SH 
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temperature. Thereafter, the reaction mixture was app tad to and eluteo mm pH 6.3).A27ml 

idb^f^ 

"^m^dtlfanfo,^ 

33uM. The number of maleimide moieties avatf able per xCH A-Fab was caicuiaieo 
(d) Reduction of ZCE-F(ab'h to ZCE-Fab'SH 

— S tSSTSi"^ ^ donated a. ZCE,,.*,, C. 

^^rd^onfro.^ 

TtorMflB,. 160pl of 0.5M cyatelne w£ ■JJaJJJd the ™=to mMu^ rachmond. CA) 
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DTPA pH 6 3). A 1 1 .3ml protein fraction was collected, which based upon its absorbance at 280nm i (Aj») was 
79uM "i tf. reduced protein. The sulfhydryl content of the prot in fraction was determined to be 14*11. using 
DTNB as described in Example 12(b). The ratio of sulfhydryl groups per ZCE-Fab' fragment was emulated to 
be 1.9:1. The resultant fragment is designated ZCE-Fab'SH. 

(e) Conjugation of CHA-Fab'BMP to ZCE-Fab'SH 

To the 79uM solution of ZCE-Fab'SH from Example 13(d) above was added dropwisely an amount ofth 
33.MsolutionofCHA-Fab-BMPsuff.cienttop ro videa1:1ratioofZCE- 

«o^ture was ailowed to stand overnight at 4'C. Thereafter, any unreacted sulfhydryl was Mocked by the 
additTon of 16mg of DTNB to the reaction mixture, thereby providing a concentration of approximately 1mM 

° TN The resultant bifunctional antibody-like compound, designated as CHA-BMP-ZCE. 
reaction mixture by a variety of techniques Inciuding high pressure liquid chromatography (HPLC) us.ng as mat- 
fces either Fast Flow S (Pharmacia) or TSK-GEL SP-TOYOPEARL® 650s catior .exchange »™ J-J 
Corp.. Japan); and by gel filtration on a Sephadex® G-150 column (P harmaoa ^^U^b ° f ^ 
nary skill in the art are familiar with protein purification via the techmques of HPLC. and gel filtration. 

Example 14 

Preparation of Afunc tional Antibod y-Like Compounds _ ^ 

SeTect three different intact antibodies designated here in as Ab„ Ab 2 . and Ab, which have 
specificities and avidities. The antibodies are individually digested with peps.n according to ^"^"t.onal p o- 
cedure! such as described in Example 12(a) herein, yielding F(ab') 2 fragments des,gnated as F,(ab ) 2 . F 2 (ab ) 2 . 

t£ Rab%fregmen y te derived from each of the three antibodies are reduced with cysteine (or other similar 
reducing ^StaZlp*** Fab' fragments. i.e. . Fl ab', F 2 ab'. and F,ab'. using a conventional procedure. 

nre™^^^ 

poundvia twotrifunctiona. coupiing agentsof the present invention ^^f^^^^'Z. 
rruG'\ from Example 8 Procedurally. F,ab'-SH, which has been dissolved in an aqueous buffer. pH 5-8. preT 
£b.y IhZ % added to a 30-fold molar excess of TMG dissolved in DMF. The reason 
at room temperature for 10 minutes. Thereafter, the reaction mixture is applied to a P-6 column (Btorad 
Lab™SoriZ Richmond. CA) that has been pre-equilibrated and which is eluted wrth citrate burred saline 
«0mS ammonhSn [or sodium] citrate. 100mM NaCI. 1mM DTPA. pH 6.3). The protein fraction WeM 
Sumn (Sorao Laboratories) contains the purified F,ab'-TMG which contains at least one malean.de mo.ety 
capable of coupling to a second reduced Fab' fragment. . lTUR , _ dded 

P Toaccom P lishasecond coupling to the ™G. the protein fract on contein^ 
droowise to the second reduced Fab" fragment. F 2 ab'SH which is in the same citrate buffer as used toehite 
ie^6 coTumn The second coupling reaction is ailowed to proceed for 3 Jou« at roon £^£>£££ 
after the extra sulfhvdryls on the F 2 ab'SH moiety of the coupled product. F^b -TMG-F 2 ab SH. are protectee 
ZZS^VSS* agent, such as DTNB ^-^^^ 

adding sufficient DTNB to achieve a final concentration of approx.mately ImW hn MM^rita 
(50mS ammonium citrate. 100mM NaCI. 1mM DTPA, pH 6.3) that contains the Fl ab SHJhereaf 
Lr the reaction mixture is incubated for 10 minutes at room temperature. The resulting protected intermediate. 

agent, is purified by high pressure 
comprising either Fast Flow S (Pharmacia. Piscataway. NJ) or TSK-GEL S *-™?^^*™V<*™ 
Corp Japan); or by preparative gel filtration, such as on a column containing Sephadex® G-150 brand super 

fi0e o^pu*^ is debiocked in borate buffered saHne (50mM sodium bo^ 

50mS 5ta S whL is added a molar excess of 1mM cysteine. DTT(dimiothreitol) or* 
ng agent The deblocked and reduced bifunctional intermediate is ^f^^SS TJZZSSfiZ 
ur to a P-6 column (Biorad Laboratories) which has been pre-equ.l.brated with and which teeU^ w^ the 
just described citrate buffered saline. pH 6.3. The reduced bifunctional lntermed.ate. Fl ab -TMG-F^b -SH. is 
now ready for coupling to a third maleimide derivatized Fab' fragment. Mva \ent 

The ttird Fab' fragment is derivatized by being added to a 30-fbld molar excess of ^ <* J * 
coupling agent of the Uent invention) as described for the 

The reaction mixture is incubated atroom temperature for 10 rnmutes. Thereafter, the F,ab -TMG In the reaction 
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mixture is purified by applying th reaction mixture to a P-6 column (Biorad Lab ratories) that has been pre- 
eoulllbrated with and which is eluted with the d scribed citrate buffered saline. pH 6.3. 
q F^Tcou^ing to produce the bivalent antibody-like compound of the present invention is accomphshed 
by adding 7£'-mG to a solution of the above described citrate buffered saline (pH 6.3) *• **- 

TM»SnH and then ai.owing the reaction to proceed for 3 hours at room ^TT'^^^S^ 
ion is stopped such as by the addition of the alkylating agent. N-ethylmale,m.de. to the reaction mixture. 
PurH^atn of the bivalent antibody-like compound (F^b-.TM^b'-TMG-Fsab') is accomphshed by - HPLC 
or preparative gel filtration (e.g.. Pharmacia's Sepnadex® brand G-150 superfine resin). wh,ch are techniques 
well known to those of ordinary skill in the art. 

Example 15 

Preparation Of The Trifunctional Antibody-Like Compound: 
CHA-BMP-CYA-BMP-ZCE 

Three different antibodies, which were designated as CHA. CYA andZCE. were the source of the Fab' frag- 
ment thaVwL coupled b^ 

S-CYA-BMP-ZCE. In this example, the monoclonal antibody designated as CHA had specrficty for the 
chelate complex In-EDTA or In-chelated by derivatives of EDTA. such as EOTUBE. 

The monoclonal antibody designated as "CYA" had specificity for the chelate complex "Y-DTPA and the 
monoclonal antibody designated as "ZCE" had specificity for carcinoembryomc antigen ( CEA ). 

(a) Preparation of F(ab')2 Fragments 

The Ffab'), fragments of CHA. CYA. and ZCE. which are designated as CHA-F(ab') 2 . CYA-F(ab') 2 . and 
ZCE-F(ab ^respectively, were prepared by individually digesting the respective antibody with pepsin according 
to the procedure described in Example 12(a). 

so (b) Reduction of CYA-F(ab')2 to CYA-Fab'SH 

To 1 0ml of borate buffered saline (50mM sodium borate. 50mM NaCI. pH 8.2) containing 8.1 mg/ml of CYA- 
F^rwaTaddedX. of 0.5M diathylenatriamine P entaaceticacid(DTPA) and40nl of 0.5M cysteine. The reac- 
tion m^re was al.owed to proceed for 10 minutes at 37-C. Thereafter, the reaction mfcture- ~ VP"* »- 

35 15^-6 column (Biorad Laboratories. Richmond. CA 94804) that had been pre-equ.hbrated and eluted with 
cSate 'buffered satine (50mM ammonium citrate. 100mM NaCI. 1mM DTP A, pH 6 3)^ 3.0m. protem^ centering 
fraction was collected from the column, which based upon its absorbance at 280nm (A M0 ) had a protein 
^du^abCncentrafio^ of 48^M. The concentration of free sulfhydryl groups in the prote,n fraction was 
JeterS neritobe 1 1 B^M. using the procedure in Example 1 2(b) herein. Thereafter, the ratio of free sulfhydryl 

40 groups per Fab' fragment was calculated to be 2.5:1 . 

(c) Preparation of CHA-BMP-ZCE-SH 

The bifunctional antibody-like compound. CHA-BMP-ZCE. having a blocked sulfhydryl. was prepared 
according to the procedure of Examples 13(a H e). Thereafter, to a 2 5m. aliquot contoUi f £ 
purified blocked CHA-BMP-ZCE in borate buffered saline (50mM sodium borate. 50mM NaCI. pH 8 2) i was 
added 5pl of 0.5IWI diethylenetriaminepentaacetic acid ("DTPA"). The reaction mixture ™*}™ b «** ° T ™ 
rrinutes at 37-C followed by the subsequent addition of 100^ of 0.5M cysteine. The reaction m.xture was further 
Sated for 10 minutes at STC which effected deblocking. Thereafter, the reaction m^was^dto 
a Blogel P-6 column (Biorad Laboratories) that had been pre-equllibrated and which was elutedwrth citrate bu - 
?e«d g sa.rnt ^OmM ammonium citrate. 100mM NaCI, 1mM DTPA. pH 6.3). A 5.8ml protein fraction ^was, «+ 
ected which based upon Its absorbance at280nm M, had a 15uM prot in (reduced brfunctional antibody) 
«ncanfra«on The sulfhydryl concentration of the protein fraction was subsequently dot rmmed. according to 
the procedure in Example 10(a). 

(d)C upling CYA-BMP with CHA-BMP^ZCE-SH t form CHA*MP,ZCE-BMP-CYA 

To 5.5ml of the citrate buffer d saline solution that was 15u.M in CHA-BMP-ZCE-SH (fr m step (c) abov ) 
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10 



was added an equimolar amount of CYA-BMP similarly dissolved in citrate buffer d saline (50mM sodium 
citrate. 100mM NaCI. pH 6.3). The reaction was allowed to proceed for 3 hours at room temperature and then 
was terminated by the addition of N-ethylmaleimide as described in Example 14 herein. The resultant trlfunc- 
tional antibody-like compound, designated as CHA-BMP-ZCE-BMP-CYA. was purified by gel filtration on 
Sephadex® G-150 (Pharmacia. Piscatway. NJ), eluting with borate buffered saline (50mM sodium borate. 
50mM NaCI, pH 8.2). Fractions 38-43 were collected and pooled to yield 3.2ml of a solution containing 
0 66mg/ml of the purified product A 2.0ml aliquot of the pooled fractions was then dialyzed overnight in 0.17M 
sodium acetate. pH 4.5. for subsequent HPLC purification on a Mono S matrix (Pharmacia). The uncorrected 
binding capacity for the In-EOTUBE complex by the CHA-BMP-ZCE-BMP-CYA in the 0.66mg/ml pooled frac- 
tion was determined to be 76% of theoretical capacity. The control for the same run exhibited a binding capacity 
of 4%. The Y-MeTUBD binding capability was 82% of Its theoretical value. 
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Example 1 6 

Synthesis Of The Trlvalent Antibody-Like Compound: xCEM-TMG-xCHA-TMG-xCEM 
(a) Digestion of "xCHA and "xCEM" to xCEM-F(ab'), and xCEM-F(ab') 2 respectively. 



Intact chimeric monoclonal antibody to the In-EDTA complex is designated herein as "xCHA." Intact 
chimeric monoclonal antibody to CEA is designated herein as "xCEM." The preparation of these antibodies was 

20 as referenced in Examples 1 1 and 12 herein. Intact xCHA and xCEM antibodies were individually digested to 
their respective F(ab') 2 fragments by incubating each with 3% (pepsin:antibody) at 37»C for 5 hours in acetate 
buffered saline (1 OOmM sodium acetate. 1 OOmM sodium chloride. pH 4.1 ). The digests were terminated by neut- 
ralization of the pH. Thereafter the digests were dialyzed in borate buffered saline (50mM sodium borat . 
100mM sodium chloride. pH 8.2) to provide the corresponding F(ab') 2 fragments designated as xCHA-F(ab') 2 

25 and xCEM-F(ab') 2 respectively. 

(b) Reduction of xCEM-F(ab') 2 to xCEM-Fab'SH 

To 6ml of xCEM-F(ab') 2 (1 7mg/ml) obtained from Step (a) above was added 2.0ml of borate buffered saline 
30 (50mM sodium borate. 100mM sodium chloride. pH 8.2) and 16ul of 0.5M diethylenetriaminepentaacebc acid 
("DTPA") to reach a final DTPA concentration of 1mM. The reaction mixture was incubated at 37»C for 10 
minutes, followed by the addition of 360^1 of 0.5M cysteine, and a further incubation for 10 minutes at 37°C. 
The cysteine was removed by gel filtration on a 2.5 x 19cm P-6 DG column (Biorad Laboratories. Fachmond 
CA 94804) that had been pre-equilibrated with and which was eluted with citrate buffered saline (50mM 
35 ammonium citrate. 100mM NaCI. 1mM DTPA. pH 6.3). Upon elution. a 19.6ml I protein fraction was cdlected. 
which based upon its absorbance at 280nm (A^o) was 90uM in the reduced Fab fragment - xCEM-Fab 5H. 
The free sulf hydryl concentration of the protein fraction was determined by reaction with DTNB (as per Example 
10(a)) to be 159nM. The ratio of free sulf hydryl per reduced Fab' fragment was calculated to be 1.8:1. 

40 (c) Derivatization of xCEM-Fab'SH with TMG 

The reduced Fab' fragment. xCEM-Fab'SH. was derivatized with a 30 fold molar excess of fris[2-N-(ma- 
leoylglycyl)aminoethyl)amine (TMG"). In particular. 19.5ml of xCEM-Fab'SH O-Mnoles) 
saline from step (b) above was added with stirring to 176^1 of 314mM TMG (53umoles) in DMF. After 10 minutes 
45 at 23°C. excess TMG was removed on a 2.5 x 45cm P-6 DG column (Biorad Laboratories) that was Pr**^ 
brated and eluted with citrate buffered saline (50mM ammonium citrate. 100mM NaCI. 1mM DTPA, pH 6.3). A 
26.8ml protein fraction was collected, which based upon its absorbance at 280nm (A^) contained 3.3mg ml 
orwas 67nM in the derivatized fragment - xCEM-Fab-TMG. The determination of active maleirmdes by cysteine 
back titration (per Example 12(e)) indicated 1.16 active maleimides per Fab' fragment 

(d) Reduction of xCHA-F(ab') 2 to xCHA-Fab'SH 

A 2.7ml aliquot of xCHA-F(ab-)2 (9.2mg/ml) was incubated with 1mM DTPA for 10 minutes at 37»C. To this 
reaction mixture was then added 6ul of 0.5M dithiothreitol ("DTT") and the reaction mixture was further ncu- 
bated at 37°C for a further 10 minutes. The DTT was removed by gel filtration on a 1.5 x 25cm P-6 DG column 
(Biorad Laboratories) that was pre-equilibrated and eluted with citrate buffered saline (50mM ammonium citrate. 
lOOmM NaCI. 1mM DTPA pH 6.3). A 7.6ml protein fraction was collected, which based upon its absorbance 
at 280nm (A^o) was 59nM in the desired xCHA-Fab'SH. The fre sulfhydryl concentration of the fraction was 
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4.7:1. 



(o)C upllngxCHA-Fab'SHandxCEM-FabTMG 



1S 



... oft , m i of xCEM-Fab'-TMG from Step 15(c) 
T ,jM of xCHA-Fab'SH from ^«J^J^^^£L^ was terminated by the 
abov andth reaction mixture waa .neubated a 23C for ^ 7 ^ on ^ rewas then concentrated to 
addition of 34^ of 1M N^thylmaleimide. an . *W J^a Q- «■.*» on a 2.6 x 96cm G-150 

12ml by ultrafiltration. The concentrated reaction nfebirc " a * ^ 
^column (Pharmac.^^ 
0.2ml/min. and 5ml fractions were collected. 
TnedesiredtrivalentantibodH 

as the middle product. Le.. n «d by sodium dodecy. su.fatepolyacrylam.de gel 

by high pressure liquid chromatography (HPLC) gel fflwnon an y 
etectmphoresis (SDS-PAGE) using a 7.5% acrylam,de gel. 



Claims 

20 1. A compound of the formula 



X«(CH 2 ) a (Y) n (CH 2 ) p (Y' ) q (CHR 2 VN 



30 




35 



! 

wherein X is -N- . 



i i . 

-CH . -C-R 1 . 
I I 



(ZJjfCJj^ 



(Z)i 



40 



48 



A. - 



(Z), 




(Z), 



wherein k = 1 or 0; 
so 0 0 

II II 

wherein Z is -CHH- . -C-0-, 



•0-C-. 



0 

« 

•NH'C- 



•0-. or •NH«: 



wherein s » 1 or 0; 
wherein n = 1 or 0; 
wherein q - 1 or 0; 
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0 0 

II il 
wherein Y is -S-S- , -C-NH-. -NH-C- 



• C-O- 



O 
II 

-O-C- , -O- , or -NH- ; 



0 0 0 0 

II II II II 

wherein Y' Is -S-S- , -C-NH- , -NH-C-. -C-0- . -O-C- , -0- , or -NH- ; 

^ R t;S Phenyl. -COOH. or straight or branched ^^^XTJS^ 
Zns with Ihe provL mat the lower alkyi moiety may be monosubst.tuted by -NH 2 . -OH. or -COOH. 

2. The compound according to Claim 1 wherein Y is 

0 
II 

-NH-C- . 

3. The compound according to Claim 2 which is: 




H H ^ 

N— H «^J^ 



OH 
O 



4. The compound according to Claim 2 which is: 
O 

t t 




5. A comp und according to Claim 1 which is: 



27 



EP 0 446 071 A2 




I 

H 



The compound according to Claim 1 which is: 
O 

< " 

N— H 

i 



The compound according to Claim 1 wherein n = 0. s = 0. and m and p are 
1 and the sum of m and p is an integer from 2 to about 20. 

The compound according to Claim 7 which is: 



O 





>. The compound according to Claim 1 which is: 
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H-N 



10 




COOH 




oxh 0 




15 



10. The compound according to Claim 1 which is: 



20 



25 



NH 
t 

c=o 




r\ 




o 



0 



1 v s 



•NH 



30 



35 



11. The compound according to Claim 1 which Is; 

o 



40 



O P 



P^NCH-CNCH-CNCHjCH. 
. 2 , 2 , 2 * 

H H 

O 



-N 



J 3 



12. A trivalent 



45 



50 



coupling agent for covalently linking Fab'-like fragments comprising a compound of a formula 



X--<CH a ).(Y>.(CH a ) p <Y' ),(CHR 2 ).-N 



-J 3 




55 



29 



wh rein X is -N. -CH. -C-R 1 . 



(2) 



(2), 




(Z), 



(Z) 




Z), 



or 



(Z). 



(2), 




(Z), 



wherein k = is 1 or 0; 



0 0 0 0 

» » « 11 

whsrsin Z is -C-HH-, -C-0-, -0-C-, -NH-C-. -0-, or -NH-; 



wherein s = 1 or 0; 
wherein n = 1 or 0; 
wherein q = 1 or 0; 

0 0 0 

II II II 

wherein Y is -S-S-. -C-NH-. -NH»C- . -C-0- 



-0-C- , -0- , or -NH-; 



0 0 0 0 

« II H II 

wherein Y* is -S-S-. -C-NH- . -NH-C- . -CO-. -0-C-. -O- 



or -NM-; 



when n * 0 the sum of m and p is an integer ranging from t to ' when n 

atoms with the proviso that the lower alkyl moiety may be monosubstituted by -NH-. OH . 
13. The bivalent coupling agent of Claim 12 wherein Y is 



-C-tffl- 



14. The trtvalent coupling agent of Claim 13 which is: 
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55 
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10 



4- 



" 18 The trivalent coupling agent of Claim 12 wherein n - 0. « i j - » a 
leastl andthes U mofmandpisanintegerfrom2toabout20 

19. The trivalent coupling agent of Claim 18 which is: 



n = 0. s = 0 and m and p are each an integer that is at 



20 



25 





30 



20. The trivalent coupling agent of Claim 12 which is: 



35 



COOH 




40 



45 




CCOH 



COCH 



so 21. The trivalent coupling agent of Claim 12 which Is: 



55 
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22. The bivalent coupling agent of Claim 12 which is: 



// o o 

|NCH 2 I1nCH«CNCHjCH. 

/ I I 

\\ H H 

o 



-N 



J 3 



23. A method for extending the length of one of the three .inker arms of the compound of Formula .. which 
method comprises: . H «- a m an Fab -.|ike fragment having at least 2 free 

S'colS^ .—n*»W comtfex from .up (.)* PH M w,m a mom of metanuia: 

HS-(CH2)rSH II 

ing distally therefrom; f bis _ ma iej m ide effective to 

Fab' complex having an extended linker arm with a reactive male.rn.de at rts termmus. 

24. The method of Claim 23 wherein the pH in Step (a) is 5-7. 

25. The method of Claim 23 wherein the pH in Step (b) is 5-7. 

26 The method of Claims 24 wherein the pH in Steps (a) and (b) is 5-7. 

29 The method of Cairn 23 wherein in Step (b), the compound of Formula I. is combined in at least a 10 Ibid 

molar excess relative to said maleimide Fab 1 complex. 
30. The method of Cairn 29 wherein ,nStep(c)the bis-ma.eim.de iscombined In at. east a 10 foid molar excess 

relative to the coupled product of Step (b). 

33 
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X--<CH 2 ).(Y) n (CH 2 ) p (Y') q (CHR 2 ) t -N 




— * 3 



wherein X is 



— M — , -CH . -C-R 1 , 




CO 

< 



CO 

o 

Q. 
LU 




, or 
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wherein Z is 

oooo 

It II II II 

-CNH- . -C-0-, -0-C-, -NH-C-, -0- , or -NH- 



wherein s 



= 1 or 0 ; 
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